Introduction {#s1}
============

Applying pulses of transcranial magnetic stimulation (TMS) to the occipital pole can result in elementary visual percepts called phosphenes (Barker et al., [@B8]; Meyer et al., [@B39]; Marg and Rudiak, [@B37]). The phosphene threshold (PT), the minimum TMS intensity which elicits phosphenes in a single subject, indicates the individual excitability of the stimulated cortex area. Quite a few studies have stated that PT is a stable parameter for visual cortex excitability, showing low test-retest-variability within the same subject (e.g., Boroojerdi et al., [@B11], [@B12]; Stewart et al., [@B58]; Antal et al., [@B4]; Siniatchkin et al., [@B57]). PT systematically varies with different TMS pulse forms (monophasic vs. biphasic) similar to variations known from the motor cortex, indicating that the physiological processes induced in the visual system are comparable to those observed in the motor system (Kammer et al., [@B33]; Kammer and Baumann, [@B28]).

Using PT as dependent variable, various studies investigated changes in visual cortex excitability under certain conditions. For instance, Boroojerdi et al. ([@B11]) showed reduced PTs following light deprivation, indicating a substantial increase in visual cortex excitability. In contrast to such a binocular deprivation, it was shown that monocular deprivation acutely triggers a reversible decrease in visual cortex excitability (Lou et al., [@B36]). As a neurophysiological correlate for clinical observations inferring hyperexcitability of the occipital cortex, lower PTs were shown in migraineurs compared to normal controls (Aurora et al., [@B6]). Demonstrating increased visual cortex excitability, lower PTs were shown following a period of reading (Antal et al., [@B3]). Thus, measuring PTs applying single pulses of TMS is a common tool to investigate changes in visual cortex excitability.

Besides determining cortical excitability TMS is also able to modulate excitability if applied repetitively (rTMS). In the visual cortex, PT is often used to calibrate stimulation intensity for modulating visual cortex functions by rTMS. Furthermore, PT serves as dependent variable in order to investigate the effects of such a modulation. Thus, several studies showed that 1 Hz rTMS can increase PTs in healthy subjects by probably reducing cortical excitability (Boroojerdi et al., [@B13]; Brighina et al., [@B14]; Fierro et al., [@B19]). Additionally, rTMS differentially modified the effects of light deprivation on PTs depending on stimulation frequency (Fierro et al., [@B19]). As shown by Franca et al. ([@B22]) theta burst stimulation (TBS), a particular rTMS protocol (Huang et al., [@B25]), applied with 80% of the individual PT intensity is also able to modulate PTs. Whereas increased PTs were found following continuous TBS (cTBS), intermittent TBS (iTBS) showed no modification of PTs (Franca et al., [@B22]).

The effects of TMS on brain functions depend on different factors such as coil geometry (Fleming et al., [@B21]), pulse waveform (Kammer et al., [@B31]), current direction (Kammer et al., [@B30]) or other external parameters (Sandrini et al., [@B52]). Moreover, internal factors may influence the rTMS induced modulations. For instance, there is evidence that the initial state of neurons undergoing TMS plays an important role for the aftereffects (Silvanto and Pascual-Leone, [@B55]). In the visual cortex, Silvanto et al. ([@B56]) showed the state-dependency of offline high-frequency TMS by selective manipulation of network subareas via adaptation on colored stimuli. Furthermore, various studies investigated the effects of different brain stimulation techniques in dependency of previous activity in the same network (Müller-Dahlhaus and Ziemann, [@B41]), indicating that metaplasticity indeed is operative in brain functions. For instance, there is evidence for homeostatic plasticity in the motor cortex (Siebner et al., [@B54]) as well as in the visual cortex (Bocci et al., [@B10]). In both studies, the initial state of the brain area was first selectively manipulated using transcranial direct current stimulation. The subsequent rTMS protocols showed different effects on cortex functions, depending on the induced activity in the system before, respectively. Apart from preconditioning of the cortex before rTMS, enhanced activity even after rTMS can modify the effect. In a motor cortex study, contraction of the target muscle immediately after TBS enhanced the facilitatory effect of iTBS and reversed the inhibitory effect of cTBS into facilitation (Huang et al., [@B26]). Besides that, it is known from several studies that visual demand influences visual cortex excitability (Rauschecker et al., [@B49]; Antal et al., [@B3]). Thus, controled visual demand following TBS applied over the visual cortex might be able to modulate the TBS effects as observed in the motor system (Huang et al., [@B26]).

In the present study, we set out to investigate the effects of both cTBS and iTBS on the excitability of the visual cortex (between-group design). Since higher TBS intensities might increase the size and duration of the modulation (Brückner et al., [@B16]), we chose 100% of the individual PT as intensity for TBS. Additionally, as hypothesized in our previous work (Brückner and Kammer, [@B15]), we examined whether enhanced activity in the visual cortex caused by a visual acuity task following TBS might influence the TBS modulation. In a within-design subjects underwent two sessions, with and without an enhanced demand of the visual cortex following TBS, respectively.

We expected the following effects: (a) TBS will modify PT; (b) the modulation of PT will last for some time if subjects have low visual demand following TBS; and (c) the modulation will be affected if subjects have high visual demand following TBS.

Materials and Methods {#s2}
=====================

Subjects {#s2-1}
--------

In total, 53 subjects were recruited for the study. Exclusion criteria were metallic implants, prior history of neurological or psychiatric disorders, chronic tinnitus, major medical illness, drug abuse or alcoholism, any medication with the exception of contraceptives. Thirteen subjects were excluded due to the following reasons: four subjects gave no written informed consent, eight subjects showed instability of baseline PT and one subject fell asleep during the measurement. The remaining 40 subjects were divided into two groups (20/20) receiving either cTBS (mean age 24.1 ± 3.8 years, 10 male) or iTBS (mean age 23.0 ± 2.6 years, 10 male). All subjects had normal or corrected-to-normal visual acuity as revealed by the Freiburg Visual Acuity Test (FRACT; Bach, [@B7]). All participants gave their written informed consent and were paid for participation. The study followed the Declaration of Helsinki and was approved by the local ethics committee.

Experimental Design {#s2-2}
-------------------

Subjects sat in a comfortable chair during the whole session. Biphasic magnetic pulses were delivered using a Magpro X100 stimulator (MagVenture Farum, Denmark) and a figure-of-eight-coil (MC-B70). The coil position in relation to the head was monitored, registered, and maintained using the frameless stereotactic positioning system BrainView (V2, Fraunhofer IPA, Stuttgart, Germany, cf. Kammer et al., [@B33]).

In their first session, subjects started with a familiarization procedure where they were trained to observe phosphenes. Approximately 2 cm above the inion, the coil was held tangentially to the skull and single pulses were applied starting with an intensity of 30% of maximum stimulator output (MSO). Intensity was increased in steps of 5% until the subject either perceived a phosphene or an intensity of 70% MSO was reached without any percept. In this case, the coil was moved in steps of about 5 mm over the occipital pole and the procedure was repeated until a phosphene was perceived. Phosphene perception had to fulfill the following criteria (cf. Kammer et al., [@B32]): (a) dependency on the stimulated hemisphere, i.e., perception in the left visual field with stimulation at the right occipital pole and*vice versa* (Meyer et al., [@B39]); (b) visibility with both eyes open or closed (Kammer and Beck, [@B29]); and (c) dependency on gaze direction (Meyer et al., [@B39]). Following the familiarization procedure, the coil position inducing the strongest percept was located. Then the coil was rotated in order to determine the optimal current direction (Kammer et al., [@B32]). In most cases, the final coil position ("hot-spot") was located on the left hemisphere, inducing a current in latero-medial direction. PTs were then measured following a previously established protocol (Kammer et al., [@B30]): 49 magnetic pulses were delivered at seven different stimulator output intensities in steps of 3% with at least 5 s in between. Intensities were randomly intermixed and each intensity was applied seven times (method of constant stimuli). Intensity range was defined on the basis of the approximate individual threshold known from the familiarization procedure. Subjects had to press one of two buttons indicating whether they have perceived a phosphene or not. A sigmoidal fit applied to the responses generated the individual PT at the reversal point of the logistic function (psignifit; Wichmann and Hill, [@B60]).

In each session, PT was initially measured four times: two practice runs (discarded) and two baseline measurements (mean as individual "pre" PT value). Then, either cTBS or iTBS was applied to the predetermined phosphene hot-spot. TBS intensity was set to 100% of individual PT. Two minutes after the end of stimulation, PT was estimated again (post 1) using the same method and intensities as in the baseline measurements. For the next 10 min, in a within-design subjects had either low or high visual demand. In the low visual demand session, they were instructed to keep their eyes open looking at a white wall. In the high visual demand session, subjects performed a visual task (see below). Following the visual demand period, PT was estimated again (post 2). Order of sessions was counterbalanced across participants, with at least 48 h in-between. The design of the study is illustrated in Figure [1](#F1){ref-type="fig"}.

![**Design of the study.** At the beginning of each session, phosphene threshold (PT) was measured four times. The first two measurements were discarded as practice runs, the other two were averaged as baseline (pre) PT value. In a between-group design, either cTBS or iTBS was then applied to visual cortex with 100% PT intensity. Two minutes after the end of theta burst stimulation (TBS), PT (post 1) was established. In the subsequent 10 min, subjects either completed a Landolt C optotype task in the one session or kept looking at a white wall in the other session. Afterwards, PT was measured again (post 2). Order of sessions was counterbalanced across subjects.](fnhum-09-00591-g0001){#F1}

The visual task consisted of visual acuity measurements using Landolt C optotypes. It was realized in PsychoPy (v.1.70, Peirce, [@B46]) on a standard personal computer and a cathode ray tube computer monitor (21″, iiyama Vision Master Pro 500, iiyama, Tokyo, Japan) with a frame rate of 100 Hz and a resolution of 800 × 600 pixels. A red fixation point was presented in the middle of the screen for 1000 ms followed by a central Landolt C optotype with its gap oriented either up, down, right or left. The target was presented for 10 ms followed by a mask consisting of random noise pixels. Subjects had to indicate the direction of the gap using the arrow keys on a standard keyboard. The size of the Landolt C optotype was varied following a simple 2:1 staircase procedure. The variation occurred in steps of one pixel, starting with a gap of 10 pixels. After seven reversals of the staircase, the run was terminated and another run was started to avoid fatigue. A single run of the task lasted 1.5--2 min, thus subjects had to complete 5--6 runs within the 10 min. Visual acuity thresholds were not analyzed further, the visual task was only used for induction of high visual demand.

Data Analysis {#s2-3}
-------------

The four baseline PT values from the participants (2 sessions × 2 baseline values) were analyzed with regard to stability using a repeated-measures analysis of variance (rmANOVA). Pre and post TBS PTs were subjected to an rmANOVA for each group separately (Statistica V.10, StatSoft GmbH, Hamburg, Germany). Sphericity requirements were assessed using Mauchley's test. Sphericity assumption was not violated in any test, thus correction was dispensable. *Post hoc* analyses were performed using Newman-Keuls test.

Results {#s3}
=======

Baseline Values {#s3-1}
---------------

Baseline PT value was measured four times at the beginning of each session. Whereas the first two measurements were taken as practice runs and discarded, the other two measurements were analyzed due to stability of PTs.

The two baseline values in each of the two sessions were subjected to an omnibus rmANOVA with the between-factor GROUP (cTBS/iTBS) and the within-factors MEASUREMENT (1 and 2) and SESSION (high/low visual demand). It revealed that there was no main effect on any condition and no interaction. *F*- and *p*- values are reported in Table [1](#T1){ref-type="table"}.

###### 

**Analysis of baseline stability**.

  Effect                          *F*~(1,\ 38)~   *p*
  ------------------------------- --------------- -------
  GROUP                           3.809           0.058
  SESSION                         0.060           0.807
  MEASUREMENT                     1.176           0.285
  SESSION × GROUP                 0.444           0.509
  MEASUREMENT × GROUP             1.154           0.289
  SESSION × MEASUREMENT           1.009           0.322
  SESSION × MEASUREMENT × GROUP   0.674           0.417

Due to stability in baseline values, the two baseline measurements of each participant in a session were averaged as pre-TBS PT value. Baseline PT values of the iTBS group were numerically higher than those of the cTBS group (*F*~(1,\ 3)~ = 3.81, *p* = 0.058). For sake of clarity, we analyzed the data of the two groups separately.

cTBS {#s3-2}
----

Mean pre-TBS PT value was 38.4 ± 7.8% MSO in the session with high visual demand and 37.8 ± 6.8% MSO in the session with low visual demand, respectively. Pre- and post-TBS PTs were subjected to an rmANOVA with the within-factors SESSION (high/low visual demand) and TIME (pre, post1, post2). No main effect was found (SESSION: *F*~(1,\ 19)~ = 0.92, *p* = 0.35; TIME: *F*~(2,\ 38)~ = 1.95, *p* = 0.16) but the interaction of the factors was significant (*F*~(2,\ 38)~ = 4.61, *p* = 0.016). *Post hoc* analysis revealed that cTBS had no direct effect on PT but an increased PT was found after the visual acuity task. Mean group data as well as individual data are depicted in Figure [2](#F2){ref-type="fig"}.

![**Results of the cTBS group. (A)** Mean group PT change (±SEM); **(B)** individual data with high visual demand; **(C)** individual data with low visual demand. An rmANOVA with the within-factors SESSION (high/low visual demand) and TIME (pre, post1, post2) revealed no main effect, but a significant interaction was found, indicating that PTs increased following high visual demand preceded by cTBS.](fnhum-09-00591-g0002){#F2}

iTBS {#s3-3}
----

Mean pre-TBS PT value was 42.1 ± 7.2% MSO in the session with high visual demand and 42.3 ± 6.2% MSO in the session with low visual demand, respectively. Pre- and post-TBS PTs were subjected to an rmANOVA with the within-factors SESSION (high/low visual demand) and TIME (pre, post1, post2). There was no main effect (SESSION: *F*~(1,\ 19)~ = 0.76, *p* = 0.39; TIME: *F*~(2,\ 38)~ = 1.61, *p* = 0.21) and no interaction. Mean group data as well as individual data are depicted in Figure [3](#F3){ref-type="fig"}.

![**Results of the iTBS group. (A)** Mean group PT change (±SEM); **(B)** individual data with high visual demand; **(C)** individual data with low visual demand. An rmANOVA with the within-factors SESSION (high/low visual demand) and TIME (pre, post1, post2) revealed no main effect and no interaction.](fnhum-09-00591-g0003){#F3}

External Factors {#s3-4}
----------------

To evaluate whether there are possible effects of age, gender or order of the sessions on the effects, the data were analyzed additionally with respect to these factors.

### Age {#s3-4-1}

Spearman's rank correlation showed a negative correlation between baseline PT (mean session 1 and 2) and age of the subjects (r~s~ = −0.387, *p* = 0.014) indicating that younger subjects had higher PTs (see Figure [4](#F4){ref-type="fig"} ).

![**Correlation between age and baseline PT.** Spearman's rank correlation indicated that younger subjects had higher PTs.](fnhum-09-00591-g0004){#F4}

### Gender {#s3-4-2}

Pre- and post-TBS PTs of the cTBS group were subjected to an rmANOVA with the between-factor GENDER (m/f) and the within factors SESSION (high/low visual demand) and TIME (pre, post1, post2). There was a main effect of GENDER (*F*~(1,\ 18)~ = 6.330, *p* = 0.022) indicating that males had significant higher PTs than females. No main effects were found for SESSION (*F*~(1,\ 18)~ = 0.98, *p* = 0.34) as well as for TIME (*F*~(2,\ 36)~ = 2.29, *p* = 0.12). The SESSION × TIME interaction was significant (*F*~(2,\ 36)~ = 4.747, *p* = 0.015), similar to the main analysis reported above without the factor GENDER, but there was no effect in the omnibus interaction. A comparable analysis of the iTBS group data revealed no main effects and no interactions.

Due to the main effect of GENDER in the cTBS group, pre PT values of all subjects (mean baseline values of both sessions) were analyzed with respect to gender differences. Although not statistically significant (*t* = 1.735, *p* = 0.091), there was a trend towards higher PTs in males compared to females. The gender difference is likely to be an artifact of the age differences observed since an analysis of covariance revealed that the trend disappeared (*F*~(1.37)~ = 1.24, *p* = 0.27). Mean age of the male subjects (22.6 ± 3.3 years) was lower than that of the female subjects (24.5 ± 3.0 years) as revealed by the analysis (*F*~(1,\ 37)~ = 4.01, *p* = 0.053).

### Order {#s3-4-3}

In the main analysis, we showed that there was no difference in baseline PTs according to the sessions with high and low visual demand. Additionally, we analyzed whether there is an order effect from day 1 to day 2, independent of session type. A paired *t*-test comparing the pre-TBS PT values of the subject's first session with those of the second session again revealed stability in PT (*t*~(39)~ = 1.484, *p* = 0.146).

Discussion {#s4}
==========

In this study, we examined the effects of TBS on visual cortex excitability and investigated if enhanced visual demand following TBS might modulate the effects. Our hypotheses were: (a) TBS will modify PT; (b) the modulation of PT will last for some time if subjects have low visual demand following TBS; and (c) the modulation will be affected if subjects have high visual demand following TBS. The first two hypotheses have to be rejected, because there was no modulation of PT directly after TBS. For cTBS, we found significantly increased PTs following high visual demand after stimulation. Thus, our third hypothesis can be partially accepted. Additionally, there was a negative correlation between baseline PT and age of the subjects.

Several studies showed modulated visual cortex excitability following a variety of rTMS protocols. Conventional 1 Hz rTMS increased PT (Boroojerdi et al., [@B13]; Brighina et al., [@B14]; Fierro et al., [@B19]), whereas decreased PTs were found after high-frequency rTMS protocols (Fierro et al., [@B19]; Lang et al., [@B34]). The direction of the observed effects was similar to the effects in the motor system: whereas low-frequency rTMS usually resulted in decreased MEP amplitudes, higher frequencies were often shown to enhance cortical activity (Fitzgerald et al., [@B20]). With the introduction of the TBS pattern (Huang et al., [@B25]), the idea came up of simply replacing the conventional rTMS protocols by TBS. Since cTBS requires shorter application times and weaker stimulation intensities, showing more robust effects on motor cortex excitability compared to 1 Hz rTMS, TBS seems to be the better choice both in terms of efficiency and side effects. The initial inhibitory effect of cTBS as well as the facilitatory effect of iTBS in the motor system have been replicated successfully in quite a few studies (Agostino et al., [@B1]; Di Lazzaro et al., [@B18]; Gentner et al., [@B24]; Suppa et al., [@B59]; Zafar et al., [@B61]; Gamboa et al., [@B23]; Huang et al., [@B27]). Furthermore, TBS effects were transferred to other cortical regions. For instance, cTBS as well as 1 Hz rTMS increased reaction times in a lexical decision task when applied to the left superior temporal cortex (Brückner et al., [@B16]). Applied to the frontal eye field, both cTBS and 1 Hz rTMS had inhibitory effects on saccade triggering (Nyffeler et al., [@B43]). In the visual system, PTs increased following cTBS (Franca et al., [@B22]) comparable to the observation after 1 Hz rTMS (e.g., Fierro et al., [@B19]).

However, the initial effects of TBS in the motor system (cTBS inhibitory, iTBS facilitatory) could not always be replicated. For instance, cTBS was shown to not reliably depress all regions of the motor cortex (Martin et al., [@B38]). In the visual system, no effect of iTBS on PTs was found (Franca et al., [@B22]). Neither cTBS nor iTBS applied with various stimulation intensities modulated peripheral visual acuity (Brückner and Kammer, [@B15]). In the present study, neither cTBS nor iTBS had direct effects on PTs. As we observed a dose-dependent effect with cTBS in the language domain (Brückner et al., [@B16]), TBS applied with 100% of individual PT was supposed to have a stronger modulatory effect than applied with 80% PT intensity (Franca et al., [@B22]). Surprisingly, we observed no modulation of PTs. Therefore, it is conceivable that cTBS directly modulates PT only at subthreshold intensity levels, whereas iTBS seems not to be able to modulate visual cortex excitability at all.

In the last years, the initial cortical activation state of the neurons and the ongoing brain activity during brain stimulation has received more and more attention. State dependency of TMS effects were described in many cortical areas. In the motor system, contraction of the target muscle immediately after TBS led to facilitation of cortical activity, independent of whether cTBS or iTBS was applied (Huang et al., [@B26]). Preconditioning motor cortex excitability by transcranial direct current stimulation reversed the conditioning effects of 1 Hz rTMS (Siebner et al., [@B54]). In the visual cortex, manipulation of the initial state of the neurons by selective adaptation to colored stimuli showed that TMS facilitated the less active neuron population (Silvanto et al., [@B56]). Several other studies showed evidence for homeostatic metaplasticity in the human cortex (Müller-Dahlhaus and Ziemann, [@B41]). It was shown that visual demand influences cortical excitability *per se*: Rauschecker et al. ([@B49]) demonstrated that PTs increased with higher luminance contrast levels. They concluded that an increase in contrast causes higher overall activation of the neurons and may mask the activation produced by TMS pulses. However, they measured PT during visual demand. The visual task in our study was applied between two PT measurements. One could speculate that an increase of neuronal activity during the Landolt C optotype task persists during the subsequent PT measurement, resulting in higher PTs. If this would be the case, we would expect higher PTs following visual demand in the iTBS group, too. But PTs were unchanged in both sessions following iTBS---with or without high visual demand. PTs increased only after high visual demand preceded by cTBS, indicating that the combination of this TBS pattern with the following visual task modulates cortical excitability. According to the stochastic resonance phenomenon, in a nonlinear system the injection of low-level noise can lower the threshold of the system (Schwarzkopf et al., [@B53]), whereas at higher intensities TMS should disrupt behavioral performance. Assuming that application of TBS with 100% of individual PT intensity would add low levels of noise to the visual system, this would decrease PTs. Although not statistically significant, we observed numerically lower thresholds following cTBS. It is conceivable that only the combination of cTBS and high visual demand caused by the following visual acuity task generates noise levels high enough to impair phosphene detection. Thus, stochastic resonance could explain our TBS effects in some respects. However, this would not explain the increased PTs following subthreshold cTBS observed by Franca et al. ([@B22]) and Allen et al. ([@B2]), as well as the lack of effects applying iTBS. As, to our knowledge, the previous studies estimating the stochastic resonance phenomenon focused on online TMS procedures (Miniussi et al., [@B40]), it is conceivable that different mechanisms may underlie the effects of offline TMS protocols.

Recently, it was shown that cTBS applied to the visual cortex enhanced conscious vision despite of decreased cortical excitability (Allen et al., [@B2]). This counterintuitive finding suggested that cTBS might increase cortical inhibition, leading to a higher signal-to-noise ratio and thus better performance in a conscious perception task. In contrast, cTBS decreased accuracy and confidence in a perceptual discrimination task (Rahnev et al., [@B48]), probably by reducing resting state connectivity between visual areas. Allen et al. ([@B2]) argued that the discrepancy between their results and those of Rahnev et al. ([@B48]) is explained by stimulation intensity. They stated that slight increases of inhibition caused by cTBS can be conducive to detection tasks, but if inhibition is increased to a greater extend due to higher cTBS intensity, this may led to reduced detection capacity (Allen et al., [@B2]). As our stimulation intensity was 100% of individual PT and thus still higher than the 80% PT intensity applied by Rahnev et al. ([@B48]), following the argument of Allen et al. ([@B2]), in our study detection capacity should be strongly impaired. However, our visual task was not designed to analyze the change of visual acuity, since we found no changes of visual acuity following TBS applied with various intensities (Brückner and Kammer, [@B15]).

A possible explanation of our data is that the effect of cTBS applied with 100% of individual PT intensity only emerges if enhanced activity of the neurons is requested following stimulation. This could explain why no direct effect of stimulation on PT was observed, but an effect manifested following high visual demand. As a second hypothesis following Rahnev et al. ([@B48]), cTBS reduces resting state connectivity between visual areas. A subsequent visual task thus requires neural activity to be increased compared to the normal state, in order to compensate for the stimulation effect. This higher activity might then mask the neuronal activation through TMS pulses (Rauschecker et al., [@B49]) and thus increases PTs not only during but also following visual demand. In this case, the observed absence of any iTBS effect has to be interpreted in an alternative way. It is conceivable that iTBS might increase resting state connectivity, making it easier to perform the visual acuity task without affecting the neuronal activation level and without modulating PTs. A third possible explanation is that the visual task itself modulates cortical excitability as demonstrated by modified PTs (Rauschecker et al., [@B49]; Antal et al., [@B3]). Following this view, our data would indicate that iTBS protects against the inhibitory effect of the task and that cTBS has no modulatory effect. Of course, all these interpretations are highly speculative, and due to methodological differences between the studies a direct comparison is impossible. For instance, Rahnev et al. ([@B48]) applied cTBS to the occipital cortex with the subject's eyes closed. Since activation during stimulation is an important factor for rTMS effects (Silvanto et al., [@B56]), the initial state of the neurons in our study might be different from that in their study. In comparison with both studies (Rahnev et al., [@B48]; Allen et al., [@B2]), our stimulation intensity was higher and our experimental setup was different, including stimulator, coil, and PT determination procedure, making it difficult to compare the results of the studies.

Beside the effects of TBS and visual demand on visual cortex excitability, our study revealed some additional results. We observed a high test-retest-reliability of baseline PT values. Due to the between-subject design, mean PT values differed between the two groups investigated. Comparing the baseline PTs of the subjects across two sessions and two measurements per session, there was no difference on any condition. This stability is in line with the results from previous studies (Stewart et al., [@B58]; Boroojerdi et al., [@B12]; Antal et al., [@B4], [@B5]; Siniatchkin et al., [@B57]), confirming PT as a reliable marker of visual cortex excitability.

In our additional analyses, we observed a negative correlation between baseline PT and age, indicating that younger subjects had higher PTs. In the motor cortex, some studies observed no correlation between age of the subjects and motor threshold (Rossi et al., [@B50]; Oliviero et al., [@B44]), whereas others showed that motor threshold might increase with age (Rossini et al., [@B51]; Peinemann et al., [@B45]). However, in these studies age range of the subjects was much higher (e.g., 20--38 years in the young group and 48--71 years in the old group in Peinemann et al., [@B45]). As age range was 18--32 years in the present study, all subjects would belong to the young group of the studies mentioned above. In a TMS study on children, significantly higher resting motor thresholds were found compared to adult controls (Bender et al., [@B9]). Motor thresholds in children decreased with age until reaching an adult level at age 13 (Nezu et al., [@B42]), indicating a maturation process. From that we could speculate, that the observed decrease of PT with age might indicate a prolonged maturation process of the visual system. Finally, we observed a trend to higher PTs in males compared to females, whereas most studies showed no gender differences in baseline cortex excitability (Livingston et al., [@B35]; Perciavalle et al., [@B47]; Cuypers et al., [@B17]). In line with our observation that younger subjects had higher PTs, this difference is most probably due to the fact that mean age of males was lower than that of females, as revealed by the analysis of covariance.

In summary, two main findings can be derived from our results:

1.  The role of stimulation intensity applying TBS.

We observed no direct effect on visual cortex excitability using 100% of individual PT. Since two independent studies in Franca et al. ([@B22]) and Allen et al. ([@B2]) showed increased PTs following cTBS applied with 80% PT intensity, the lack of modulation is likely to arise from stimulation intensity. Compared to cTBS effects on posterior temporal cortex (Brückner et al., [@B16]), no dose-dependency in visual cortex excitability was observed.

1.  The role of controled neuronal activity not only before or during but also following TBS.

It is well-known that the initial state of the neurons plays an important role in modulating brain functions using TMS (Silvanto and Pascual-Leone, [@B55]). Several studies showed evidence for homeostatic metaplasticity in the human cortex (Müller-Dahlhaus and Ziemann, [@B41]). Since controled activity in the human motor cortex influenced the effects of prior TBS application (Huang et al., [@B26]), our study shows similar results with regard to the human visual cortex, confirming the importance of scrupulously controled experimental conditions.
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